Objective-To describe the cardiac arrhythmias, electrolyte disturbances, and serum cardiac glycoside levels seen in patients presenting to hospital with acute yellow oleander (Thevetia peruviana) poisoning and to compare these with published reports of digitalis poisoning. Design-Case series. Setting-Medical wards of Anuradhapura District General Hospital, Sri Lanka, and coronary care unit of the Institute of Cardiology, National Hospital of Sri Lanka, Colombo, the national tertiary referral centre for cardiology. Patients-351 patients with a history of oleander ingestion. Measurements-ECG and blood sample analysis on admission. Results-Most symptomatic patients had conduction defects aVecting the sinus node, the atrioventricular (AV) node, or both. Patients showing cardiac arrhythmias that required transfer for specialised management had significantly higher mean serum cardiac glycoside and potassium but not magnesium concentrations. Although there was considerable overlap between groups, those with conduction defects aVecting both sinus and AV nodes had significantly higher mean serum cardiac glycoside levels. Conclusions-Most of these young previously healthy patients had conduction defects aVecting the sinus or AV nodes. Relatively few had the atrial or ventricular tachyarrhythmias or ventricular ectopic beats that are typical of digoxin poisoning. Serious yellow oleander induced arrhythmias were associated with higher serum cardiac glycoside concentrations and hyperkalaemia but not with disturbances of magnesium. (Heart 2000;83:301-306) 
The yellow oleander (Thevetia peruviana) is an ornamental tree of the Apocyanaceae family that is common throughout the tropics and subtropics. 1 Its sap contains cardiac glycosides that are toxic to cardiac muscle and the autonomic nervous system. 2 Ingestion of its seeds results in a clinical picture similar to that of digoxin overdose. [3] [4] [5] Severely poisoned patients may die in dc shock resistant ventricular fibrillation. Many patients with moderate poisoning show PR interval prolongation and progression to atrioventricular (AV) dissociation.
Accidental poisonings occur throughout the tropics, particularly in children. 2 6 7 Adults have died after consuming oleander leaves in herbal teas. 8 However, deliberate ingestion of yellow oleander seeds has recently become a popular method of self harm in northern Sri Lanka. 9 10 There are thousands of cases each year, with a case fatality rate of at least 10%. 9 Around 40% require specialised management and are transferred from secondary hospitals across the north to the Institute of Cardiology in Colombo for temporary pacing. 9 We have been carrying out studies over the last three years in an attempt to improve the management of this poisoning. At the same time, it has been possible to record the electrocardiographic and biochemical features of this condition and to compare them with published descriptions of digitalis overdose.
Methods

PATIENTS AND STUDY SITES
Patients were seen on admission to the medical wards of Anuradhapura General Hospital during June to September 1995 and December to In Anuradhapura, an ECG was taken during the standard work up of each patient or, when no ECG machine was available, the cardiac rhythm was recorded from a three lead monitor.
Patients were seen in Colombo as part of a trial of polyclonal antidigoxin Fab in oleander poisoning (Eddleston M et al, submitted for publication). Every patient admitted to the CCU with oleander poisoning was seen by one of the study team and an ECG recorded. Patients with second or third degree AV block, sinus bradycardia < 40 beats/min, sinus arrest or exit block, or atrial tachyarrhythmias were considered to be severely poisoned and recruited to the study.
BIOCHEMISTRY
A blood sample was taken on admission from each patient in Anuradhapura and from Colombo patients recruited to the randomised controlled trial. All samples were centrifuged within 60 minutes; the serum was taken oV and stored at −20°C. Samples were transferred on dry ice and thawed only once, immediately before analysis.
A biochemical screen was performed in the clinical laboratory of Homerton Hospital, London, using standard automated techniques. Digoxin cross reactive serum cardiac glycosides were measured using a polarisation fluoroimmunoassay for digoxin (InnofluorDigoxin Assay system, Oxis International Inc, Portland, Oregon, USA on the Abbot TDx machine).
Results
PRIMARY AND SECONDARY LEVELS OF HEALTH
CARE (ANURADHAPURA GENERAL HOSPITAL) ECGs and blood samples were taken from 118 patients presenting to Anuradhapura General Hospital with a history of yellow oleander seed ingestion. Patients were young (mean age 23.9 years); 57% were female. Almost all had previously been in good health; only one reported taking regular drug treatment, a 17 year old girl with rheumatic heart disease on 0.25 mg digoxin/day.
A normal ECG was found on presentation in 43%. Many of the other patients showed conduction abnormalities of the sinus node or AV node (table 1). Some patients had been transferred to Anuradhapura on isoprenaline drips and were tachycardic on admission. The Anuradhapura physicians transferred all patients with second or third degree AV block, marked sinus bradycardia, or atrial tachyarrhythmias to the CCU in Colombo. Potassium levels were not measured before transfer; all decisions were based only on the heart rhythm.
Mean serum digoxin cross reactive cardiac glycoside and potassium concentrations (table  2) were significantly higher in patients who were transferred: 3.00 nmol/l cardiac glycoside v 1.49 nmol/l, and 5.4 mmol/l potassium v 4.3 mmol/l (both p < 0.0001; Student's t test). Mean serum magnesium concentrations were not diVerent between the two groups: 0.83 mmol/l v 0.82 mmol/l (p = 0.64). However, there was a large degree of overlap between the groups for all three assays (fig 1) .
A biochemical screen was performed in a subset of 53 patients (the last 53 seen during the summer of 1995). Creatine kinase (CK) was raised in 14 patients (range 203 to 1124 IU/l); however, this was not related to the severity of cardiotoxicity (CK 201.3 IU/l in patients who were transferred or died v 202.8 IU/l in patients who were discharged without specialised treatment). Liver enzymes were normal in 49 patients; three had mildly increased values while one had a glutamyl transferase value of 1112 IU/l and an aspartate transaminase of 101 IU/l. Creatinine and urea were raised in one patient (a 70 year old man); urea alone was raised in three patients. Random blood glucose was greater than 11 mmol/l in six patients (range 11.2 to 38.3 mmol/l). Serum proteins were within the normal range in all 53 patients.
OUTCOMES
Two patients died and 52 required transfer to the Colombo CCU. At least one died during transit. The other 64 patients were treated symptomatically and discharged well. Four other patients died on arrival before either blood sample or ECG could be taken and are not discussed further here. Serum samples were taken from two of the patients who died in hospital and from the patient who died en route to Colombo. Two of them showed marked electrolyte disturbances.
KD019 was a 16 year old girl who, on presentation five hours after eating eight seeds, had third degree heart block and a cardiac glycoside concentration of 22 nmol/l, serum potassium of 8.3 mmol/l, and serum magnesium of 1.34 mmol/l. KD025 was a man who presented three hours after eating five seeds with sinus and AV node conduction defects and cardiac glycoside concentration of 5.91 nmol/l, serum potassium of 10.8 mmol/l, and serum magnesium of 1.05 mmol/l. He died en route to Colombo. KD046 was a seventeen year old boy who presented, eight hours after eating two seeds, with second degree AV node block, cardiac glycoside concentration of 4.93 nmol/l, serum potassium of 5.9 mmol/l, and serum magnesium of 0.84 mmol/l.
TERTIARY LEVEL OF HEALTH CARE (CCU COLOMBO)
Two hundred and thirty three patients with a history of yellow oleander poisoning were seen in the Colombo CCU after transfer from secondary hospitals in the north of the island. Most patients were young (mean age 24.6 years, range 10 to 67) and previously fit. Fifty nine per cent of the patients were female. A past medical history was taken from the trial patients: one 16 year old boy had a diagnosis of asthma but was not receiving treatment; all other patients had been well previously. The cardiac rhythms of these patients on admission are given in table 1. Although most patients had shown typical arrhythmias in the peripheral hospitals, 40% had reverted back to regular sinus rhythm by the time they arrived in the CCU. Relatively few patients showed marked cardiotoxicity on admission, but some progressed from normal ECGs to AV conduction blocks or sick sinus syndrome over the following hours, possibly owing to continuing absorption of cardiac glycosides from the gastrointestinal tract.
PATIENTS WITH RELATIVELY SEVERE
CARDIOTOXICITY
The 89 patients recruited to the trial had relatively severe cardiotoxicity. The most common arrhythmias were conduction defects aVecting the sinus node (sinus bradycardia in 25%; sinus arrest or exit block in 62%) or the AV node (second or third degree heart block in 53%). Thirty per cent of patients had marked involvement of both sinus and AV nodes (table 3) .
Electrolyte and serum cardiac glycoside concentrations were measured in 88 of these patients (blood samples could not be taken from one patient who died). The mean values for digoxin cross reactive cardiac glycosides, potassium, and magnesium are given in table 2.
CARDIAC RHYTHM AND SERUM CARDIAC GLYCOSIDE AND ELECTROLYTE CONCENTRATIONS
To investigate the relation between serum cardiac glycoside levels, electrolyte concentrations, and cardiac rhythm, 50 patients seen in Anuradhapura with normal ECGs were compared with 63 patients with marked arrhythmias who were treated in Colombo. Serum cardiac glycoside concentrations were plotted against serum potassium (fig 2A) and magnesium ( fig 2B) for the members of each group.
There was a clear relation between serum cardiac glycosides and potassium concentrations. There was an overall correlation of r = 0.70 between cardiac glycoside and potassium for all 113 patients; analysing the patients with normal rhythms and those with abnormal rhythms separately gave values of r = 0.68 and r = 0.79, respectively (no significant diVerence between these values). There was no correlation between serum magnesium and cardiac glycosides for all the patients taken together or for the two groups.
The patients with marked arrhythmias were then grouped according to whether the arrhythmia aVected the AV node (20 patients), sinus node (25 patients), or both AV and sinus nodes (18 patients). The mean serum cardiac glycoside, potassium, and magnesium concentrations were then calculated (table 4). Serum cardiac glycoside levels were plotted against serum potassium ( fig 3A) and magnesium (fig 3B) concentrations for the members of these groups. There was no apparent relation between the site of conduction block and the serum cardiac glycoside or electrolyte values. However, the mean serum cardiac glycoside concentration was significantly higher in patients with both AV and sinus node block than in patients with block aVecting only the sinus node (p = 0.016; analysis of variance).
Discussion
This epidemic of yellow oleander poisoning in northern Sri Lanka has provided an opportunity to study in detail an uncommon poisoning that occurs in many parts of the tropical world. All but one of the previous reports had presented fewer than 13 cases 2 ; one report of 170 cases included no ECG or biochemical data. 4 The present study of 351 patients is the first to provide this information.
Yellow oleander poisoning resembles digoxin poisoning. However, the mean age of patients admitted with accidental digoxin overdose in the industrialised world is much older than the patients taking oleander seeds: 75 years in one study of 219 American patients 14 compared with 24.8 years for 415 Sri Lankan oleander patients. 9 Even among a French series of attempted suicides with digoxin, where one might expect patients to be younger, only 29% were less than 40 years and 39% were older than 60 years.
11
Most of our patients were healthy before they ate the seeds. This diVers markedly from patients with digoxin poisoning: of 66 deliberate self harm patients in the French study, more than 90% had a pre-existing heart condition.
11 Similarly, the majority of patients with accidental overdose are on multiple drug treatment: 58% of patients in one study were taking three or more drugs in addition to digoxin.
14 As a result of the patients' young age and previously healthy state, the cardiac arrhythmias induced by oleander poisoning are unlikely to result from pre-existing conditions. 5 13 15 Most symptomatic patients had conduction defects aVecting the sinus or AV node; in 30% of the severe cases both nodes were significantly aVected (table 2) . Both AV conduction block and sinus dysfunction were overrepresented in these patients owing to selection bias compared with previous series of digoxin poisoning. However, the unreliability of the lists of digoxin associated arrhythmias has been emphasised by Fisch and Stone. 12 They noted the lack of control groups, their retrospective nature, the variation in the physicians' ability to distinguish particular arrhythmias, and the difficulty of distinguishing digoxin related arrhythmias from those caused by the underlying defect requiring the digoxin treatment. The prospective nature of the current study, together with health of its subjects, reduces the force of these criticisms.
Rhythms characteristic of Mobitz type II AV conduction block, although reported to be rare in isolated digoxin poisoning, 15 occurred in several of the oleander patients (see fig 3 in reference 9 ). Atrial fibrillation and flutter were uncommon in our patients, again probably because of their good pre-existing cardiac status. The four patients in our series with these arrhythmias all presented with a slow ventricular response owing to impaired AV conduction, as occurs in digoxin poisoning.
15
The patients treated with antidigoxin Fab reverted back to normal sinus rhythm (Eddleston M et al, unpublished data, 1999), suggesting that these atrial arrhythmias had not been present before the poisoning. Ventricular ectopic beats were uncommon in the oleander patients.
Hyperkalaemia exacerbates cardiac glycoside induced cardiac arrhythmias and is a marker of a poor outcome in cardiac glycoside poisoning. Even though all symptomatic patients had persistent vomiting, severe yellow oleander induced cardiotoxicity was associated with hyperkalaemia. The degree of hyperkalaemia correlated with the serum digoxin cross reactive cardiac glycoside concentration (fig 2) .
The French study of suicidal digoxin overdoses also found an association between hyperkalaemia and cardiotoxicity: the mean (SD) admission serum potassium concentration for patients who died was 6.15 (0.74) mmol/l compared with 4.2 (0.52) for patients who recovered.
11 16 The authors suggested that serum potassium levels would be a rapid marker of patients with a poor prognosis. 16 Serum cardiac glycoside and potassium concentrations were significantly higher in patients transferred to Colombo for specialised care than in those discharged directly from Anuradhapura. Unfortunately, we did not find serum potassium to be a specific early marker of patients who would require transfer (fig 1) . Ten of 54 patients who were managed symptomatically in Anuradhapura without transfer had serum potassium values > 5.0 mmol/l on admission. The potassium and cardiac glycoside levels were not higher in patients recruited to the trial than in those who required transfer from Anuradhapura to the CCU. This may be because patients with markedly raised potassium or cardiac glycosides died before reaching Colombo.
Accidental digoxin poisoning in elderly patients taking therapeutic digoxin is often complicated by hypokalaemia owing to combined treatment with diuretics. 13 15 This is an uncommon problem in both yellow oleander poisoning and suicidal digoxin overdose. 11 16 However, three patients who presented to Colombo with severe poisoning had serum potassium concentrations less than 3.0 mmol/l; one of these patients died (Eddleston M et al, unpublished data, 1999) . Further studies will be required to see whether early potassium assay and correction improves outcome.
Hypomagnesaemia predisposes to digoxin toxicity. 13 15 We found no relation between serum magnesium with either arrhythmia or cardiac glycoside concentration. This suggests that serum magnesium concentrations are not altered by yellow oleander poisoning but does not preclude the possibility that abnormally high or low magnesium levels before the poisoning might aVect the outcome. Two of the three fatalities from whom we were able to get blood samples had hypermagnesaemia (1.08 and 1.34 mmol/l). One patient who was treated in the clinical trial but died had a serum magnesium concentration of 0.47 mmol/l.
